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(57)Abstract 

PROBLEM TO BE SOLVED: To produce a long-size hollow bar steel 
increased in the ratio between wall thickness and outside diameter by 
respectively specifying, at a cross helical rolling mill, the temp, before 
rolling, rolling temp., and outside diameter reduction rate of a steel having 
a specific composition where Cr, V, N, etc., are added and further 
specifying the structure and crystalline grain size of the steel, 
respectively. 

SOLUTION: A round billet A1, having a composition consisting of, by 
weight, 0.20-0.60% C, 0.05-1.50% Si, 0.30-2.00% Mn, 0.02-1.00% Cr, 0.01- 
0.30% V, 0.005-0.020% N. <0.20% Cu, >1.0% Ni, <0.20% Mo, <0.40% Nb, <0.05% 
Al, <0.35% Pb, <0.20% Bi, <0.10% S, <0.20% Te, <0.01% Ca, and the balance 
Fe, is heated to 950-1250° C in a heating furnace 11 and pierced into a 
hollow stock satisfying (wall thickness)/(outside diameter) >0.1. A mandrel 
13 is inserted into the hollow stock, and then, diameter reduction working 
and wall thickness working, satisfying <0.2 outside diameter reduction rate 
and (wall thickness draft)/(outside diameter reduction rate) <0.55, are 
applied at 700-950° C by means of a cross helical rolling mill. By the 
above procedure, the ratio of wall thickness to outside diameter is 
regulated to 0.25-0.40 and a structure composed of ferrite and pearlite is 
formed, and further, the crystalline grain size of ferrite is regulated to JIS 
grain size number 6-12. 
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CLAIMS 



[Claim(s)] 

[Claim 1] By weight %. C:0.20 - 0.60%, Si:0.05-1.50%, Mn: 0.30-2.00%. Cr:0.02-1.00%, V:0.01 - 0.30%, N:0.005 - 0.020%, less 
than [ Cu:0.20% ], less than [ nickel:1.0% ], Mo: Less than [ 0.20% ], less than [ Nb:0.40% ], less than [ aluminum:0.05% ], Pb: 
Less than [ 0.35% ], less than [ Bi:0.20% ], S:0.10% or less, Contain less than [ Te:0.20% ] and less than [ calcium:0.01% ], 
and the remainder consists of a presentation of Fe and an unescapable impurity. Moreover, an organization is [ the grain 
size numbers of said ferrite ] the JIS grain-size numbers 6-12 in a ferrite pearlite, and thickness / "outer-diameter" ratio 
is the high intensity and the quantity toughness non-temper hollow rolling steel bar of 0.25-0.40. 
[Claim 2] A presentation punches him by the piercer, after heating the piece of round steel according to claim 1, or a 
round steel lump in a 950-1 250-degree C temperature region. Thickness / "outer-diameter" ratio 0.1 or more hollow 
material and nothing, Subsequently, the skew rolling machine which inserted the mandrel in said hollow material as an 
inside regulation tool, was made to attend the circumference of the pass line, and arranged three rolls at equal intervals is 
used. Add 0.2 or more at the rate of outer-diameter diameter reduction, and less than 0.55 diameter reduction processing 
and thick processing are added in a 700-950-degree C temperature region by thick rolling reduction / "rate of outer- 
diameter diameter reduction" ratio. The manufacture approach of high intensity and a quantity toughness non-temper 
hollow rolling steel bar that moreover the grain size number of said ferrite makes [ thickness / "outer-diameter" ratio ] 
0.25 to 0.40, and an organization with the JIS grain-size numbers 6-12 by the ferrite pearlite. 

[Claim 3] After thickness / according to claim 1 "outer- diameter" ratio heats [ a presentation ] 0.1 or more hollow 
material in a 950-1 250-degree C temperature region, The skew rolling machine which inserted the mandrel in said hollow 
material as an inside regulation tool, was made to attend the circumference of the pass line, and arranged three rolls at 
equal intervals is used. Add 0.2 or more at the rate of outer-diameter diameter reduction, and less than 0.55 diameter 
reduction processing and thick processing are added in a 700-950-degree C temperature region by thick rolling 
reduction /. "rate of outer-diameter diameter reduction" ratio. The manufacture approach of high intensity and a quantity 
toughness non-temper hollow rolling steel bar that moreover the grain size number of said ferrite makes [ thickness / 
"outer-diameter" ratio ] 0.25 to 0.40, and an organization with the JIS grain-size numbers 6-12 by the ferrite pearlite. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the high intensity and the quantity toughness non-temper hollow rolling 
steel bar of a minor diameter heavy-gage long picture with which die length is about 2-6m in 20-70mm, and an outer 
diameter has high dimensional accuracy especially, and its manufacture approach about high intensity, a quantity 
toughness non-temper hollow rolling steel bar, and its manufacture approach. Piercing is performed to the solid steel bar 
which has the size near a current final product in more detail by cutting, and subsequently the so-called "temper 
processing" of hardening annealing is performed, or it has the long hollow steel bar which carries out piercing and is used 
as an object for the materials of various machine structural parts by cutting after temper processing, the reinforcement 
more than an EQC, and toughness, and is related with the non-temper hollow rolling steel bar which moreover does not 
require piercing by the aforementioned cutting, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, hardening annealing etc. was heat-treated and a machine structural part has 
been manufactured while it performs processing called "the 2 or 3rd processing" by the steel materials rolled out or 
forged between heat, namely, performs plastic working, such as cutting and forging, between the colds. However, since 
there are many routing counters, this "2 or 3rd processing" will make the manufacturing cost of a final product high, while 
requiring great energy. 

[0003] As conventionally shown in drawing 6 , after a gun drill punches the hole 63 of the minor diameter for air vents at 
the cylinder section 61 using the steel bar which carried out the temper, the rack bar which is the machine structural part 
which receives the above-mentioned "2 or 3rd processing", for example, the power steering system components of an 
automobile, carried out cutting of the rack gear tooth 64 to the rack section 62, performed induction hardening and 
deflection picking and has been manufactured. After the input shaft which is similarly one of the components for 
automobiles also performs normalizing processing to a solid steel bar, it performs outside cutting and core gun-drill 
processing, and is manufactured. Furthermore, after, as for the thing of minor diameter size, a piston pins also punching a 
solid steel bar with cold forging, and cutting punching the thing of large-sized size and broaching subsequently, hardening 
tempering processing is performed and it is manufactured. 

[0004] Therefore, the motion which is going to skip heat treatment processes, such as hardening annealing, in the first 
place first, and is going to aim at reduction of consumption energy and manufacture down stream processing became large, 
and the steel materials heat-treated with rolling between heat or forging, micro alloying steel equipped with the equivalent 
mechanical property, and its manufacture approach have been proposed. 

[0005] For example, the "manufacture approach of a high intensity non-temper steel bar" proposed by JP.61 -17051 3,A 
corresponds to it. A proposal given in this official report tends to perform rolling and forging between the heat which 
specified working temperature to the steel materials which made medium carbon steel contain comparatively a lot of S 
with V of a minute amount, and tends to obtain the non-temper steel bar which specified the cooling conditions after 
forging further and was [ as / hot-forging ] excellent in toughness and ductility with high intensity. By such proposal, 
surely, the abbreviation of "temper processing" could be aimed at and it became reducible [ the manufacturing cost of a 
machine structural part ] also in heat treatment However, each proposal about this kind of conventional micro alloying 
steel and its conventional manufacture approach could not but be a thing for solid steel materials. 

[0006] Extension rolling of the steel materials which have specific chemical composition in JP.61-264130.A on the other 
hand is carried out for three pieces or four rolls using the skew rolling machine arranged mostly at equal intervals, as 
compared with the case where the conventional groove rolling machine is used, it is little workability, and the method of 
obtaining the non-temper rolling steel bar which has a mechanical property equivalent to the case where normalizing 
processing is performed is proposed. It has a publication also when obtaining the hollow bar as a product by being made 
from a hollow bar it not only obtaining a solid bar, but that it can apply, using this approach as a product by being made 
from a solid bar. However, although the proposal in said official report called the "non-temper rolling steel bar", the stereo 
was only what can omit "normalizing" currently performed as pretreatment of "temper processing" of hardening annealing, 
therefore even if it could obtain the hollow bar as a product, it was what can only omit piercing by cutting and must still 
perform temper processing. Furthermore, it was also what cannot be said that the dimensional accuracy (thickness 
deviation, bore roundness, etc.) of a rolling [ of the hollow bar obtained by the aforementioned approach ] as is not 
necessarily enough for the important Safety Department article application of an automobile. 

[0007] On the other hand, piercing by the above mentioned gun drill has been made into a process required to process the 
hole for supplying a liquid and a gas to the shaft orientations in machine structural steel worker components, such as a 
rack bar and an input shaft Furthermore, especially recently, the demand given to wanting to lightweight-ize this and to 
lightweight-ize the whole automobile to autoparts for the purpose of maintenance of earth environment, operation[ high- 
speed ]-izing, comfortable drive nature, etc. is large. Therefore, piercing by the aforementioned gun drill was what has 
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effectiveness also to hollow-izing demanded from a viewpoint of lightweight-izing. However, it is a serious failure when the 
aforementioned piercing process also aims at reduction of consumption energy and production processes, and 
improvement in the yield. In addition, punching of long material which exceeds 1m in machining by a gun drill etc. had a 
problem extremely in respect of dimensional accuracy, and punching of long material was substantially impossible. 
[0008] Therefore, the manufacture approach of a rack bar made from the non-temper seamless steel tubes manufactured 
by the usual approach, for example in JP.5-345231 A is indicated. Namely, as shown in drawing 7 , while it is made from 
the non-temper seamless steel tubes which have the thickness which can be cut to "rack tooth form, and it has been 
thick and carrying out [ which can be cut to rack tooth form ] plastic working of the rack gear-tooth cutting section 72 to 
the shape of flatness to the rack gear-tooth cutting height h7 [ that cutting of a rack gear tooth is performed after 
performing thinning plastic working to the cylinder section 71", and ] The manufacture approach of "performing cutting of 
a rack gear tooth by cold drawing processing after [ which the rack gear-tooth cutting section 72 can cut to the rack 
tooth form ] it supposes that it is thick and the cylinder section 71 processes it into the shape tube of thin meat" is 
proposed. 

[0009] However, it had the problem that the rack bar which the inside configuration of the seamless steel tubes 
manufactured by the usual approach was made from the seamless steel tubes of a hot rolling as since [ beautiful ] it was 
not circular, and was manufactured by the approach of a publication in said official report had low twist reinforcement. 
Therefore, in order to raise the precision of an inside configuration, processing between the colds was what is 
indispensable and does not necessarily lead to reduction of a process or cost. 

[0010] Moreover, like an input shaft (refer to drawing 8 ) or a rocker arm shaft, when made from the usual steel pipe about 
the components which perform cutting with a stage to the external surface side, there is no chipping allowance at the 
small light-gage steel pipe of thickness / "outer-diameter" ratio, and the processing with a stage itself is impossible, for 
example. 

[0011] For this reason, unlike the usual seamless steel tubes, thickness / "outer— diameter" ratio is large, and, moreover, 
the demand to a long hollow steel bar is very high. 

[0012] There are the following four approaches as main conventional techniques of manufacturing a heavy-gage hollow 
steel bar and seamless steel tubes by plastic working. 

[0013] Process drawing of the 1st approach (henceforth the conventional technique 1) is shown in drawing 3 . As the 
conventional technique 1 manufactures a hollow steel bar by the pass roll train and shows it to drawing 3 (b) Punch slab 
B1 by machining by the drill, and hollow material B-2 of a square shape is manufactured. Next, as shown in this drawing 
(b), the rodding 31 of the quality of the material with large coefficients of thermal expansion, such as manganese steel, is 
inserted in hollow material B-2. After heating this to necessary temperature in a heating furnace (this drawing (Ha)) t it is 
the approach of rolling out in a predetermined dimension using a pass roll train as shown in this drawing (d), sampling said 
rodding 31 as shown in this drawing (e) after cooling, and manufacturing the hollow bar B3. However, by the approach by 
this conventional technique 1, there is a problem of the inside dimensional accuracy of a product getting worse and 
generating thickness deviation at the time of rolling in a pass roll train in order to also deform plastically rodding 31 the 
very thing. Furthermore, since rodding 31 deforms plastically, it will use and throw away, and a tool material unit also has 
the trouble that it is high and uneconomical. 

[0014] The 2nd approach (henceforth the conventional technique 2) is approaches of manufacturing the comparatively 

heavy-gage seamless steel tubes usually called assel mill rolling, and shows the process to drawing 4 . 

[0015] The conventional technique 2 is the skew rolling method for using a mandrel as an inside regulation tool, and the 

technical contents are indicated in detail by the 2,984-996 pages (**************, November 20, Showa 55 issue) of the 

3rd edition steel 3rd volume handbooks. Hereafter, it explains by referring to said reference. Assel mill rolling is said to be 

suitable for manufacture of a comparatively heavy-gage steel pipe, especially the steel pipe for bearing in seamless steel 

tubes. 

[0016] As shown in drawing 4 , the piece C1 of round steel is heated by necessary temperature after inserting in the 
heating furnace of this drawing (**), is continuously punched by Mannesmann piercer of this drawing (Ha), and serves as 
an element tube C2. Next, a mandrel 41 is inserted in this element tube C2 like this drawing (d), an outer diameter and 
thickness are pressed down by the assel mill incorporating the roll 42 which has the special configuration called a hump, 
and it considers as tubing C3. After sampling a mandrel 41 from tubing C3 and heating tubing C3 with the reheating 
furnace of this drawing (e) after rolling, as shown in this drawing (**), the diameter of an outer diameter is reduced with a 
sinking mill, it makes with the hollow material C4, and, subsequently to a target dimension, the finishing tubing product C5 
is manufactured for an outer diameter by the Rota resizer of this drawing (g). 

[0017] Also when manufacturing a heavy-gage hollow bar by the approach of the conventional technique 2, there are the 
following troubles. 

[0018] The greatest description of assel mill rolling is rolling out with the roll 42 which has the level difference called the 
hump shown in drawing 5 . It is said that an operation of this hump is rolling out, performing thick processing rapidly in this 
part, extending an ingredient in the direction of a tube axis positively, and preventing the expansion by the side of an outer 
diameter. If the roll which does not have a hump performs big thick processing, the expansion deformation by the side of 
the outer diameter of an ingredient may become large, the dimensional accuracy of tubing may get worse, when excessive, 
a triangle-like blister (called the flare) may occur [ a cross section ] at the time of rolling of the ingredient back end 
section, and it may result in rolling impossible. 

[0019] If it is said that the outer diameter in the hump section and a thick rolling draft turn into an amount almost equal to 
hump height h, consequently the rate Rd of outer-diameter diameter reduction is compared with the thick rolling reduction 
Rt, generally the direction of Rt is large. 

[0020] In addition, Rd= (d0~d1) / dO, and Rt= (t0-t1) / tO dO The outer diameter before rolling of hollow material, and d1 
The outer diameter after rolling of hollow material, and tO The thickness before rolling of hollow material, and t1 It is the 
thickness after rolling of hollow material. 

[0021] Moreover, the thickness / "outer-diameter" ratio tO before rolling of an assel mill / dO The thickness / "outer- 
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diameter" ratio tl after rolling / d1 It is said that the direction after rolling becomes small almost equally and generally. 
[0022] Therefore, in order to manufacture tubing with which thickness differs from a "outer-diameter" ratio, it is tO in the 
punching rolling phase of an element tube / dO. tl / d1 after rolling It is necessary to punch a near dimension. t1 after 
assel mill rolling / d1 a big product — obtaining — punching material — if it puts in another way — tO before assel mill 
rolling / dO It is necessary to consider as a big thing. [ therefore, ] That is, heavy-gage punching must be carried out by 
the piercer, for this reason, the diameter of a plug rod becomes thin inevitably, and there is a problem that a limitation will 
be generated itself in punching of the heavy-gage material in a piercer, from the problem of the buckling of the rod by 
thrust loading at the time of punching. 

[0023] The 3rd approach (henceforth the conventional technique 3) The hollow material which is the approach currently 
indicated by JP.59-4905A and was punched and obtained, without using an inside regulation tool It is the manufacture 
approach of the heavy-gage hollow bar to which reduces the outer diameter and thickness of a hollow bar with a target 
finishing outer diameter and the skew rolling machine which responds thickly and has three pieces which can adjust the 
decussation angle gamma and the tilt angle beta (refer to drawing 2 ), or four cone forming rolls, and a target dimension is 
made. 

[0024] As described above, it is characterized by carrying out skew rolling of the approach of the conventional technique 3 
without using an inside regulation tool. If the combination of a decussation angle and a tirt angle is changed as indicated by 
said official report, it is possible to obtain the minor diameter heavy-gage steel pipe of an average target dimension. 
However, as a result of this invention persons doing detailed experiment and research about this approach, when an inside 
regulation tool was not used, since the inside of hollow material deformed freely during rolling, it became clear that an 
inside configuration becomes unstable and that dimensional accuracy gets worse. That is, although the approach of the 
conventional technique 3 is what surely was excellent as the manufacture approach of a hollow bar which does not need 
close dimensional accuracy, it is not what was not necessarily suitable to manufacture of the hollow bar which requires 
high dimensional accuracy. 

[0025] The 4th approach (henceforth the conventional technique 4) is approaches currently indicated by JP.4-135004A 
and is the skew rolling approaches of joint ductlessness to which reduce the outer diameter of an element tube and a 
target dimension is made with the skew rolling machine which has three rolls, using a plug as an inside regulation tool of 
tubing. 

[0026] However, it became clear that lubricant will be consumed during rolling even if it fully applies the lubricant between 
heat to a plug before rolling, and printing was especially produced to a plug in rolling of long minor diameter heavy-gage 
hollow material by it since the plug side with which rolling is presented is limited to a part by detailed experiment of this 
invention persons when a plug is used as an inside regulation tool of tubing. Therefore, it cannot be said that the approach 
of the conventional technique 4 is also suitable as the manufacture approach of the hollow bar of a practical long picture. 
[0027] furthermore — the above-mentioned conventional techniques 1-4 — heating before the hot working — prolonged 
heating — it was also heating of multiple times in many cases, therefore when using it as a machine structural part, the 
surface decarburization which poses a problem became remarkable, and it was also a thing also including problems, such 
as a fall of surface hardness, and a fall of fatigue strength. 
[0028] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to offer the high intensity, the 
quantity toughness non-temper hollow rolling steel bar, and its manufacture approach of the minor diameter heavy-gage 
long picture which was made in view of the above-mentioned present condition, and an outer diameter with much need is 
20-70mm, and die length is about 2-6m, and has high dimensional accuracy in the industrial world. 
[0029] 

[Means for Solving the Problem] this invention person repeated an experiment and examination per [ which can 
manufacture with high precision and cheaply a minor diameter heavy-gage hollow rolling steel bar using a skew rolling 
machine first ] approach. Consequently, the thickness / "outer- diameter" ratio t1 after rolling / dl In the skew rolling of 
the hollow bar of a heavy-gage minor diameter which are 0.25-0.4, it came to acquire the knowledge of the following ** - 
**. 

[0030] ** In order [ which a cross section deforms in the shape of 5 square shapes ] are square and to prevent a 
phenomenon, thickness / "outer-diameter" ratio must use 0.1 or more hollow material as a material. 
[0031] ** Depending on thick rolling reduction (Rt) / "rate of outer-diameter diameter reduction (Rd)" ratio, if a Rt/Rd 
ratio becomes 0.55 or more, dimensional accuracy will get worse notably and a spiral-like mark will generate dimensional 
accuracy in an inside side. 

[0032] ** If it is when a product is a minor diameter thick wall tube, since the mandrel as an inside regulation tool also 
serves as a minor diameter and a load serves as size extremely, thinning processing must be made comparatively small so 
that Rt/Rd may become less than 0.55. 

[0033] ** If said Rt/Rd ratio performs [ thickness / "outer-diameter" ratio ] skew rolling on less than 0.55 conditions, 
using a mandrel as an inside regulation tool, using 0.1 or more hollow material as a material, the hollow steel bar of high 
dimensional accuracy will be obtained. In this case, the subsequent correction process is unnecessary. 
[0034] then — next, the rolled bar affair was examined to the minor diameter heavy-gage hollow rolling steel bar 
manufactured using the skew rolling machine in the chemical composition and the organization list for giving the long 
hollow steel bar which performs hardening tempering processing of a type conventionally and is used as an object for the 
materials of various machine structural parts, the reinforcement more than an EQC, and toughness with the non-temper, 
i.e., rolling. Consequently, the knowledge of the following ** - ** was acquired. 

[0035] ** C, Si, Mn, Cr, V, and N must be added as an indispensable component, and the content must be adjusted to the 
proper range. 

[0036] ** Whenever [ before rolling / stoving temperature / of the material which has the above-mentioned chemical 
composition ] needs to be controlled. 

[0037] ** It is important to regulate the rolling temperature and the rate of outer-diameter diameter reduction in a skew 
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rolling machine. 

[0038] ** The grain size number of a ferrite pearlite, nothing, and a ferrite must be adjusted for the organization after 
rolling to a proper field. 

[0039] This invention based on the above-mentioned knowledge makes a summary the manufacture approach of of the 
high intensity and the quantity toughness non-temper hollow rolling steel bar shown in the high intensity and the quantity 
toughness non-temper hollow rolling steel bar shown in following (1) and (2), and (3). 

[0040] By weight %. (1) C:0.20 - 0.60%. Si:0.05-1.50%, Mn: 0.30-2.00%, Cr0.02-1.00%, V:0.01 - 0.30%. N:0.005 - 0.020%, less 
than [ Cu:0.20% ]. less than [ nickel:1.0% ], Mo: Less than [ 0.20% ], less than [ Nb:0.40% ]. less than [ aluminum:0.05% ]. Pb: 
Less than [ 0.35% ], less than [ Bi:0.20% ]. S:0.10% or less, Contain less than [ Te:0.20% ] and less than [ calcium:0.01% ], 
and the remainder consists of a presentation of Fe and an unescapable impurity. Moreover, an organization is [ the grain 
size numbers of said ferrite ] the JIS grain-size numbers 6-12 in a ferrite pearlite, and thickness / "outer-diameter" ratio 
is the high intensity and the quantity toughness non-temper hollow rolling steel bar of 0.25-0.40. 

[0041] After a presentation heats the piece of round steel or a round steel lump given in the above (1) in a 950-1250- 
degree C temperature region, it punches by the piercer. Thickness / "outer-diameter" ratio (2) 0.1 or more hollow material 
and nothing. Subsequently, the skew rolling machine which inserted the mandrel in said hollow material as an inside 
regulation tool, was made to attend the circumference of the pass line, and arranged three rolls at equal intervals is used, 
a 700-950-degree C temperature region — the rate of outer-diameter diameter reduction (Rd) — 0.2 or more, and thick 
rolling reduction / "rate of outer- diameter diameter reduction" (Rt/Rd) ratio — less than 0.55 diameter reduction 
processing and thick processing — in addition The thickness / "outer—diameter" ratio t1 after rolling / d1 0.25 to 0.40, 
and the manufacture approach of high intensity and a quantity toughness non-temper hollow rolling steel bar that 
moreover the grain size number of said ferrite makes an organization with the JIS grain-size numbers 6-12 by the ferrite 
pearlite. 

[0042] (3) The thickness / "outer-diameter" ratio tO before rolling with a presentation given in the above (1) / dO After 
heating 0.1 or more hollow material in a 950-1 250-degree C temperature region, The skew rolling machine which inserted 
the mandrel in said hollow material as an inside regulation tool, was made to attend the circumference of the pass line, and 
arranged three rolls at equal intervals is used. Add 0.2 or more by Rd and less than 0.55 diameter reduction processing and 
thick processing are added by the Rt/Rd ratio in a 700-950-degree C temperature region. The thickness / "outer- 
diameter" ratio t1 after rolling / d1 0.25 to 0.40, and the manufacture approach of high intensity and a quantity toughness 
non-temper hollow rolling steel bar that moreover the grain size number of said ferrite makes an organization with the JIS 
grain-size numbers 6-12 by the ferrite pearlite. 

[0043] Each requirement for above-mentioned (1) - (3) is explained in detail below with the operation effectiveness. In 
addition, "% of a quantitative formula" means "% of the weight." 

[0044] (A) Chemical composition C:C is an important element which governs reinforcement and toughness. In order to 
obtain desired reinforcement, to contain 0.20% or more is required. However, when a content exceeds 0.60%, the increment 
in a pearlite molar fraction will take place, and degradation of toughness will be caused. Therefore, the content of C was 
made into 0.20 - 0.60%. 

[0045] Si:Si has the operation which aims at stabilization of deoxidation of steel, and improvement in reinforcement. 
However, since it came to have caused the fall of toughness when the effectiveness of a request of the content at less 
than 0.05% was not acquired but it exceeded 1.50%, the content of Si was made into 0.05 - 1.50%. 

[0046] Mn:Mn has the operation which raises reinforcement. However, the effectiveness of a request of the content at 
less than 0.30% is not acquired, but if it exceeds 2.00%, hardenability will become remarkably high and a desired 
organization and a desired mechanical property will no longer be acquired. Therefore, the content of Mn was made into 
0.30 - 2.00%. 

[0047] Cr:Cr has the operation which raises reinforcement like Mn. However, the effectiveness of a request of the content 
at less than 0.02% is not acquired. On the other hand, if it is made to contain exceeding 1.00%, hardenability will go up 
remarkably and a desired organization and a desired mechanical property will no longer be acquired. Therefore, the content 
of Cr was made into 0.02 - 1 .00%. 

[0048] The nitride and carbon nitride which deposit in the case of the transformation to a ferrite phase from an austenite 
phase carry out a distributed deposit at a ferrite phase, and V:V strengthens a ferrite. Moreover, it has the operation 
which promotes detailed-ization of crystal grain and raises reinforcement and toughness. However, the content was 
deficient in the addition effectiveness at less than 0.01%, and even if it made it contain exceeding 0.30% on the other hand, 
in order that the improvement effectiveness in on the strength might be saturated and might only raise a manufacturing 
cost, it made the content of V 0.01 - 0.30%. 

[0049] N: N has the operation which makes crystal grain detailed and carries out toughening of the steel while it forms a 
nitride and carbon nitride in V and a ferrite and raises reinforcement. However, since it came to have brought about the 
fell of toughness on the contrary when the effectiveness of a request of the content at less than 0.005% was not acquired 
but it exceeded 0.02%, the content of N was made into 0.005 - 0.02%. 

[0050] It is not necessary to add Cu:Cu. If it adds, it will contribute to improvement in reinforcement, toughness, and 
weatherability. In order to acquire this effectiveness certainly, as for Cu, it is desirable to consider as 0.01% or more of 
content. However, if the content exceeds 0.20%, hot-working nature will fall and a manufacturing cost will be rises. 
Therefore, the upper limit of Cu content was made into 0.20%. 

[0051] It is not necessary to add nickelmickel. If it adds, it will contribute to improvement in hardenability, reinforcement 
toughness, and weatherability. In order to acquire this effectiveness certainly, as for nickel, it is desirable to consider as 
0.05% or more of content However, if the content exceeds 1.0%, it will become easy to produce a transformation to bainite, 
and toughness will be degraded conversely, and a manufacturing cost will also be also rises. 
[0052] Therefore, the upper limit of nickel content was made into 1.0%. 

[0053] It is not necessary to add Mo:Mo. If it adds, it will contribute to improvement in hardenability, reinforcement, 
toughness, and weatherability. In order to acquire this effectiveness certainly, as for Mo, it is desirable to consider as 
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0.03% or more of content However, if the content exceeds 0.20%, it will become easy to produce a transformation to 
bainite. toughness will be degraded conversely, and a manufacturing cost will be rises. Therefore, the upper limit of Mo 
content was made into 0.20%. 

[0054] It is not necessary to add Nb:Nb. If it adds, while the nitride and carbon nitride will control big and rough-ization of 
austenite crystal grain, it contributes to precipitation strengthening. In order to acquire this effectiveness certainly, as for 
Nb. it is desirable to consider as 0.005% or more of content However, if the content exceeds 0.40%, the improvement 
effectiveness in on the strength will be saturated, and will be that a manufacturing cost rises. Therefore, the upper limit of 
Nb content was made into 0.40%. 

[0055] It is not necessary to add aluminumialuminum. If it adds, there is an operation which reacts with stabilization and N 
of deoxidation of steel, forms AIN, and makes crystal grain detailed. In order to acquire such effectiveness certainly, as for 
aluminum, it is desirable to consider as 0.005% or more of content However, since toughness came to have deteriorated in 
addition to said effectiveness being saturated when the content exceeded 0.05%, the content of aluminum was made into 
0.05% or less. 

[0056] It is not necessary to add Pb:Pb. Since a lubrication action will be produced between processed steel materials and 
a tool if it adds, the machinability of steel improves. In order to acquire this effectiveness certainly, as for Pb, it is 
desirable to consider as 0.02% or more of content. However, if the content exceeds 0.35%. the cleanliness of steel will fall 
and toughness will also come to fall further. Therefore, the upper limit of Pb content was made into 0.35%. 
[0057] It is not necessary to also add Bi:Bi. Since a lubrication action will be produced between processed steel materials 
and a tool like Pb if it adds, the machinability of steel improves. In order to acquire this effectiveness certainly, as for Bi, it 
is desirable to consider as 0.02% or more of content. However, if the content exceeds 0.20%, the cleanliness of steel will 
fall and toughness will also come to fall further. Therefore, the upper limit of Bi content was made into 0.20%. 
[0058] S: It is not necessary to add S. If it adds, it has the operation which forms Mn and a compound and raises the 
machinability of steel. In order to acquire this effectiveness certainly, as for S, it is desirable to consider as 0.02% or more 
of content However, since the cleanliness of steel fell and toughness also came to have fallen further when the content 
exceeded 0.10%, the content of S was made into 0.10% or less. 

[0059] It is not necessary to also add Te:Te. If it adds, it has the operation which forms Mn and a compound and raises 
the machinability of steel. In order to acquire this effectiveness certainly, as for Te, it is desirable to consider as 0.001% or 
more of content. However, if the content exceeds 0.20%, the cleanliness of steel will fall and toughness will also come to 
fall further. Therefore, the upper limit of Te content was made into 0.20%. 

[0060] It is not necessary to also add calciumicalcium. If it adds, it has the operation which forms Mn and a compound and 
raises the machinability of steel. In order to acquire this effectiveness certainly, as for calcium, it is desirable to consider 
as 0.0003% or more of content However, since the cleanliness of steel fell and toughness also came to have fallen further 
when the content exceeded 0.01%, the content of calcium was made into 0.01% or less. 

[0061] (B) Even if it is the steel which has the chemical composition of the organization above, when it cools to ordinary 
temperature after processing by the skew rolling machine, by what the organization becomes from the so-called "low- 
temperature transformation products", such as bainite and martensite. a desired mechanical property (reinforcement and 
toughness more than the long hollow steel bar in which the type carried out hardening tempering processing 
conventionally, and an EQC) is not acquired with rolling. Therefore, in order to give a desired mechanical property, the 
temper processing as a back process will become indispensable, and it will become a cost rise, and will deviate from the 
purpose of this invention. Furthermore, since the deflection by the transformation strain arises, it bends, and the 
correction process of picking is needed, and it leads to a cost rise also at this point. Therefore, the organization of steel 
materials needs to be taken as a ferrite pearlite organization. In this case, if the ferrite grain sizes in a ferrite pearlite 
organization are the JIS grain-size numbers 6-12, the reinforcement and the toughness of a type equivalent to hardening 
tempering material will be acquired easily conventionally. On-the-strength-toughness balance worsens [ a ferrite grain 
size ] by the JIS grain-size number at the case of less than six, and the fall of toughness arises. Since skew rolling must 
be carried out at low temperature and an anisotropy will be produced in a mechanical property on the other hand for this 
reason when a ferrite grain size exceeds 12 by the JIS grain-size number, it is not desirable. 

[0062] (C) In order to make V fully dissolve into an austenite, it is necessary to make into 950 degrees C or more 
whenever [ stoving temperature / before carrying out piercing of the piece of round steel or round steel lump which has 
the chemical composition of the above (A) whenever / rolling (C-1) stoving temperature / by the piercer ], and, whenever 
[ stoving temperature / before the Rt/Rd ratio which has said chemical composition carries out skew rolling of the 0.1 or 
more hollow materials ]. On the other hand, at the heating at high temperature exceeding 1250 degrees C, austenite grain 
growth is remarkable and a desired organization and a desired mechanical property cannot be acquired in the non-[ having 
cooled after rolling ] temper condition. Therefore, in this invention, the temperature region of said heating is limited to 
950-1250 degrees C. In addition, since reduction and coarsening prevention of less than 5 minutes, then surface 
decarburization can plan the heating up time at the time of heating with rapid heating means, such as energization heating 
and high-frequency heating, effectiveness is large. 

[0063] The steel materials in front of skew rolling may be the once cooled steel pipes, after being punched by plastic 
working between heat However, it is desirable to heat the piece of round steel or a round steel lump, for example from a 
viewpoint of surface quality, such as decarbonization and a surface crack, and to carry out continuously piercer punching 
and skew rolling which inserted the mandrel. What is necessary is to heat in said temperature region and just to carry out 
skew rolling from a viewpoint of surface quality, since it is satisfactory in any way even if it is once cooled before carrying 
out skew rolling when the steel materials in front of skew rolling are hollow materials which carried out plastic working and 
which were obtained between machining or the cold. 

[0064] (C-2) If skew rolling which inserted the skew rolling temperature mandrel is performed at the temperature 
exceeding 950 degrees C, recrystallization cannot become remarkable and a detailed desired organization and a desired 
detailed mechanical property cannot be acquired. On the other hand, rolling at the temperature which is less than 700 
degrees C will produce an anisotropy in an organization, and an anisotropy will produce it also in the mechanical property 
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of a product as the result while the deformation resistance of steel materials becomes large and the load to a rolling mill 
becomes very large. Therefore, temperature of the skew rolling which inserted the mandrel is made into 700-950 degrees 
C. 

[0065] (C-3) If it rolls out with the skew rolling roll of two skew rolling with three skew rolling rolls, rolled stock-ed will 
expand during rolling in the part which is not in contact with a roll. In order to prevent the expansion, a guide shoe is 
needed and a crack occurs on the external surface of tubing with a guide shoe. Therefore, it is not desirable to use 2 roll 
skew rolling method. 

[0066] On the other hand, if a skew rolling roll is made into four pieces, the path of structure top each roll must be made 
small, and it is not suitable for rolling of the minor diameter heavy-gage steel pipe which requires a big load for the reason 
in respect of reinforcement The external surface of a rolled steel-ed is not made to generate a crack, and only the skew 
rolling of 3 roll methods was able to bear the heavy load by rolling of minor diameter heavy-gage steel materials. 
Therefore, in this invention, it limits to three rolls. 

[0067] (C-4) Use a mandrel as a mandrel inside regulation tool as an inside regulation tool for preventing printing which is 
easy to generate in long rolling in order to make high dimensional accuracy. If the diameter of an outer diameter is reduced 
with a roll, naturally the diameter of a bore will also be reduced by coincidence. Since the inside of hollow material deforms 
freely at this time until an inside contacts a mandrel, a bore carries out dimension fluctuation of the inside with three rolls 
with diameter reduction at the shape of a spiral. Subsequently, if the inside of hollow material contacts a mandrel, since 
deformation of an inside will be regulated by the mandrel, high dimensional accuracy can be made to a bore. Moreover, 
since the field of the mandrel which touches hollow material in the rolling section since a mandrel moves to a rolling 
direction during rolling turns into an always new field, printing does not occur. 

[0068] In addition, as it already described limiting an inside regulation tool to a mandrel, rolling of a long hollow steel bar is 
based on a difficult thing that it is easy to produce inside printing in the case of a plug. 

[0069] (C-5) tO of the hollow material as a material of the thickness / "outer-diameter" (tO / dO) ratio skew rolling of the 
hollow material in front of skew rolling / dO when a ratio is less than 0.1, the cross section of hollow material deforms in 
the shape of 5 square shapes during rolling — being the so-called — " — it is square and phenomenon" occurs. Therefore, 
tO / dO of the hollow material in front of skew rolling The minimum of a ratio is limited to 0.1. In addition, for considering as 
stable rolling, it is the above tO / dO. As for a ratio, carrying out to 0.12 or more is desirable. 

[0070] By the way, the above tO / dO So that a ratio is large, after skew rolling although it is heavy-gage, when carrying 
out heavy-gage punching of the piece of round steel, or the round steel lump by the piercer, the diameter of a plug rod will 
become thin inevitably to the diameter of a material. Therefore, as for the above-mentioned tO / dO ratio, carrying out to 
0.3 or less is desirable in this case. 

[0071] (C-6) The rate of outer-diameter diameter reduction by skew rolling (Rd) 

When Rd by skew rolling is less than 0.2, since the outer-diameter rolling draft is small, desired heat treated steel and the 
mechanical property more than equivalent cannot be acquired. Therefore, said minimum of Rd is set to 0.2. 
[0072] if Rd is made excessive — an inside — since aggravation of description is produced, it is desirable to suppress the 
upper limit of Above Rd about to 0.6. 

[0073] (C-7) It is important to limit the Rt/Rd ratio by the thick rolling reduction / "rate of outer-diameter diameter 
reduction" (Rt/Rd) ratio skew rolling by skew rolling in order to realize high dimensional accuracy rolling which used the 
mandrel. If the large thick rolling reduction Rt is taken, the expansion by the side of the outer diameter of an ingredient will 
become large, and dimensional accuracy will get worse. Depending on the ratio (Rt/Rd ratio) of the thick rolling reduction 
Rt and the rate Rd of outer-diameter diameter reduction, if a Rt/Rd ratio becomes 0.55 or more, dimensional accuracy will 
get worse and a spiral-like mark will produce dimensional accuracy in an inside side. Therefore, said Rt/Rd ratio is 
regulated less than to 0.55. A desirable Rt/Rd ratio is 0.50 or less. 

[0074] By the way, if it puts in another way, it thickens after rolling and the value of Rt becomes negative, with a value 
negative in a Rt/Rd ratio, when said Rt/Rd ratio is too small, when the absolute value is large, thickening after skew rolling 
will become large and desired thickness / "outer-diameter" (tl / d1) ratio will not be obtained. For this reason, it is 
desirable to make the minimum of a Rt/Rd ratio about into -1.0. 

[0075] In addition, using the conventional common sense about the skew rolling using the mandrel represented by the 
assel mill, it is a key objective to reduce the thickness of hollow material, and diameter reduction processing of an outer 
diameter is slight, and is reducing the diameter with the sinking mill of a back process etc. Therefore, in the skew rolling 
using the conventional mandrel mill, the Rt/Rd ratio serves as a value exceeding 1.0. Consequently, also thermally, the 
mandrel has received the heavy load also in stress. In the manufacture of a minor diameter heavy-gage steel bar [ as / 
thickness / whose "outer-diameter" (t1 / d1) ratio is 0.25 to 0.40 / whose outer diameter is 20-70mm as a product 
dimension ] made into the object of this invention, the path of a mandrel becomes small inevitably. Therefore, in 
manufacture of the above mentioned minor diameter heavy-gage steel bar, if rolling for which a Rt/Rd ratio exceeds 1.0 as 
usual is performed, since a mandrel will deform, high dimensional accuracy not only no longer being acquired but rolling 
becomes impossible. Therefore, a Rt/Rd ratio needs to carry out also from this viewpoint to less than 0.55. 
[0076] Although a mandrel becomes an elevated temperature by regulating the above-mentioned Rt/Rd ratio less than to 
0.55, load stress is set to low level and practical use can be enough presented with it in SKD61 class of the tool steel 
between JIS heat as the material. 

[0077] In addition, the direction is good, although especially the configuration of the reduction roll used for this invention is 
not limited, it does not have a hump like the conventional assel mill roll but the smooth outside configuration is made. As 
the amount of outer-diameter diameter reduction was regulated in hump height when there was a hump, and it is because 
it becomes inconvenient for applying the proper amount of diameter reduction according to a scantling and being further 
pointed out on the trouble of the conventional technique 2, when this has a hump, it is for producing un-arranging 
fundamentally in rolling of the big hollow steel bar of thickness / "outer-diameter" (t1/d1) ratio. 

[0078] (C-8) t1 / d1 of the hollow steel bar after the thickness / "outer-diameter" (tl / d1) ratio skew rolling of the 
hollow steel bar after skew rolling When a ratio is less than 0.25, since thickness is thin, the case where it becomes 
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impossible to take the cutting cost in post processing depending on the configuration of the last machine structural part 
arises. It will become impossible furthermore, to also call sufficient thing the endurance (bending force and axial tension) of 
a machine structural part On the other hand, it is t1 / d1 again. When a ratio exceeds 0.40, with a plastic-working 
technique current in the manufacture with the effectiveness of lightweight- izing small as [ rolling ] and it is not easy. 
Therefore. t1 / d1 of the hollow steel bar after skew rolling The ratio was limited with 0.25-0.40. 
[0079] 

[Embodiment of the Invention] Drawing 1 is the mimetic diagram showing the process for enforcing the manufacture 
approach of the hollow steel bar concerning this invention. 

[0080] First, as the piece A1 of round steel is heated to predetermined temperature with a heating furnace 11 and it is 
shown in this drawing (Ha), a plug 12 punches the core of the piece A1 of round steel for this by the piercer, and the 
hollow material A2 is formed. Subsequently, as shown in this drawing (d), extension rolling is performed with the skew 
rolling machine which inserts the mandrel 13 which applied lubricant to the hollow material A2, and has three rolls 14, and 
it considers as hollow steel bar A3 of a product. 

[0081] Drawing 2 is drawing for explaining a skew rolling machine, this drawing (**) is the front view seen from the close 
side of the hollow material A2, a condition while rolling out the hollow material A2 is shown, and this drawing (**) is the 
side elevation which looked at the sectional view by the A-A line of this drawing (**), and this drawing (Ha) from the B-B 
line of this drawing (b). 

[0082] The mandrel 13 is connected with the thrust block 15 of advance retreat equipment free [ rotation ], and has 
enabled migration adjustment of a mandrel 13 along with pass center X-X at the cross direction. 
[0083] At the time of rolling, a mandrel 13 is advanced at the rate of a predetermined ratio to the advanced speed of 
hollow material. 

[0084] A roll 14 equips the pars intermedia of the direction of axial length with the gorge section 16, and an inlet-port side 
[ in which a roiling direction close side makes the shape of a smooth approximate circle frustum to which the diameter was 
reduced ] 17, and rolling direction appearance side is gradually equipped with the outlet side 18 which makes the shape of 
a smooth approximate circle frustum to which the diameter was gradually expanded towards the axis end towards an axis 
end to this gorge section 16. Each roll 14 is the predetermined decussation angle gamma and the predetermined tilt angle 
beta, it is arranged in the circumference of pass line X-X of the hollow material A2 and A3 by abbreviation regular 
intervals, and a rotation drive is carried out in the direction of an arrow head like drawing 2 R>2 (b) by the driving source 
which is not illustrated, respectively. 

[0085] The barrel shape roll which both sides of the gorge section 16 were turned [ roll ] to the axis end, respectively, and 
made the diameter of them reduce gradually as a roll 14 may be used, and the diameter of a rolling direction close side 
may be made to expand gradually towards shaft width to the gorge section 16, and a rolling direction appearance side may 
use the roll whose diameter was made to reduce gradually towards an axis end. 

[0086] Here, supplementary information is carried out about the deformation condition of the hollow material under rolling. 
The diameter of an outer diameter and a bore is reduced with three rolls 14, and the hollow material A2 is the thickness t1 
after rolling in that case. Generally it is the thickness tO before rolling. There is an inclination thickened a little. Therefore, 
thickness / "outer-diameter" ratio t/d will increase by outer-diameter diameter reduction from a material. However, it will 
be t1 if it says strictly according to the experiment of this invention person. Change is related to tO / dO, and Rd, and is tl 
depending on the combination of tO / dO, and Rd. tO It may decrease. However, it is tl / d1 in that case. tO / dO It is 
increasing, if diameter reduction of a bore advances — a hollow material inside — just — being alike — a mandrel is 
contacted and a thick draft starts. Then, a bore is corrected by contacting a mandrel and dimensional accuracy is 
improved also for dimension fluctuation of the inside of the shape of a spiral generated at the time of diameter reduction 
of the first portion of rolling. 

[0087] Hereafter, an example explains this invention still more concretely. 
[0088] 

[Example] The steel of the chemical composition shown in Table 1 was ingoted by the usual approach. In Table 1, steel A- 
E is the object steel (henceforth the "this invention steel") of this invention, and the comparison steel with which either of 
the components separated from steel a-e from the range of the content specified by this invention. In addition, the 
comparison steel e is steel by S45C of JIS. 

[0089] the inside of the steel in the above-mentioned table 1 — steel A-E and steel a-d — the usual approach — 
slabbing — steel bar rolling was carried out and the steel bar with a diameter of 50mm was manufactured. 
[0090] In this way, the obtained steel bar was cut to 1500mm die length, after heating at 1200 degrees C with energization 
heating or furnace heating on the conditions shown in Table 2, it punched by the usual approach using a piercer, and 
thickness / "outer-diameter" ratio made it the hollow material of 0.24 with 50mm diameter and 26mm bore. Then, the 
graphite was used as lubricant, as an inside regulation tool, the mandrel with a diameter of 13mm of SKD61 steel was 
inserted in said hollow material, and the skew rolling machine typically shown in drawing 1 at the roiling temperature of 
1000 degrees C performed skew rolling to the hollow steel bar with an outer diameter [ of 35mm ], and a bore of 13mm. It 
is Rd=0.3 of this skew rolling, and Rt/Rd=0.28. 

[0091] Moreover, the steel bar with a diameter of 50mm which is the above, and was made and obtained about the steel A 
of a publication in Table 1 was cut to 1000mm die length, and the bore considered [ the outer diameter ] as 26mm 
(thickness / "outer-diameter" ratio is 0.24) hollow material by 50mm in punching by machining. Subsequently, after heating 
this at 1200 degrees C with energization heating on the conditions shown in Table 2, the graphite was used as lubricant as 
an inside regulation tool, the mandrel with a diameter of 13mm of SKD61 steel was inserted in said hollow material, and the 
skew rolling machine typically shown in drawing 1 at the rolling temperature of 1000 degrees C performed skew rolling to 
the hollow steel bar with an outer diameter [ of 35mm ], and a bore of 13mm. It is Rd=0.3 of this skew rolling, and 
Rt/Rd=0.28. 

[0092] In addition, each aforementioned skew rolling was carried out on 25% of conditions of an ingredient rate to roll gorge 
section diameter 1 80mm, number of roll rotation s: 1 50rpm, beta:12 roll inclination angles, gamma:3 roll decussation angles, 
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and a mandrel passing speedrolling direction. 

[0093] In this way. as evaluation of the dimensional accuracy of the manufactured hollow steel bar, the hollow steel bar 
after skew rolling was equally divided into two in the die-length direction, and bore roundness deltad (the maximum bore- 
minimum bore) of the cross section was measured. Moreover, about the cross section, while observing the existence of 
square generating visually, the hollow steel bar was cut perpendicularly and the surface situation of an inside was 
observed. It is because what is necessary is it to be quite good to have used bore roundness as an evaluation index of 
dimensional accuracy compared with bore precision as for outer-diameter precision, and just to judge it by the quality of 
bore precision practical by skew rolling here. 

[0094] Moreover, the organization observation test piece, the test piece for tensile test of JIS No. 4 half size, and the test 
piece for Charpy impact test of JIS No. 3 half size were extracted from the thick center section of the obtained hollow 
steel bar. and the trial was presented in ordinary temperature. After gazing at an organization, the degree of hardness (Hv) 
was measured using the organization observation test piece. 

[0095] On the other hand, it was made from the hollow steel bar with an outer diameter [ of 35mm ], and a bore of 13mm 
manufactured with the skew rolling machine, and it was drawn out and processed into the hollow steel bar with an outer 
diameter [ of 32mm ]. and a bore of 12mm by the usual approach between the colds. The test piece for tensile test of 
degree-of-hardness (Hv) test piece and JIS No. 4 half size and the test piece for Charpy impact test of JIS No. 3 half size 
were extracted from the thick center section also about the hollow steel bar after drawing out and the trial was presented 
in ordinary temperature. 

[0096] It draws out with the various properties of the hollow steel bar of a skew rolling as, and the results of an 
investigation of the various properties of the hollow steel bar after processing are respectively shown in Table 2 and Table 

3. 

[0097] Next, after carrying out slabbing of steel A-E by the usual approach in the steel in Table 1, steel bar rolling was 
carried out in the non-recrystallized region, and the non-temper steel bar (solid steel bar) with a diameter of 35mm was 
manufactured. The steel bar was punched by machining as [ with a diameter of 35mm obtained rolling ], and it was 
processed into the hollow steel bar with a bore of 13mm. In this way, about the obtained hollow steel bar, the organization 
observation test piece, the test piece for tensile test of JIS No. 4 half size, and the test piece for Charpy impact test of 
JIS No. 3 half size were extracted from the thick center section, and the trial was presented in ordinary temperature. 
After gazing at an organization, the degree of hardness (Hv) was measured using the organization observation test piece. 
The results of an investigation of various properties are shown in Table 4. 

[0098] Moreover, it was made from the hollow steel bar with an above— mentioned outer diameter [ of 35mm ], and a bore 
of 13mm, and it was drawn out and processed into the hollow steel bar with an outer diameter [ of 32mm ], and a bore of 
12mm by the usual approach between the colds. The test piece for tensile test of degree-of-hardness (Hv) test piece and 
JIS No. 4 half size and the test piece for Charpy impact test of JIS No. 3 half size were extracted from the thick center 
section also about the hollow steel bar after drawing out, and the trial was presented in ordinary temperature. The results 
of an investigation of various properties are shown in Table 5. 

[0099] furthermore, the steel e in Table 1 — the usual approach — slabbing — steel bar rolling was carried out and the 
steel bar (solid steel bar) with a diameter of 35mm was manufactured. The steel bar was punched by machining as [ with a 
diameter of 35mm obtained rolling ], and it was processed into the hollow steel bar with a bore of 13mm. In this way, about 
the obtained hollow steel bar, the organization observation test piece, the test piece for tensile test of JIS No. 4 half size, 
and the test piece for Charpy impact test of JIS No. 3 half size were extracted from the thick center section, and the trial 
was presented in ordinary temperature. After gazing at an organization, the degree of hardness (Hv) was measured using 
the organization observation test piece. The results of an investigation of various properties are shown in Table 4. 
[0100] Furthermore, after carrying out oil-quenching of the hollow steel bar with an above-mentioned outer diameter [ of 
35mm ], and a bore of 13mm from 860 degrees C and carrying out tempering processing at 400 degrees C subsequently, it 
was drawn out and processed into the hollow steel bar with an outer diameter [ of 32mm ], and a bore of 12mm by the 
usual approach between the colds. The test piece for tensile test of degree-of-hardness (Hv) test piece and JIS No. 4 half 
size and the test piece for Charpy impact test of JIS No. 3 half size were extracted from the thick center section also 
about the hollow steel bar after drawing out, and the trial was presented in ordinary temperature. The results of an 
investigation of various properties are shown in Table 5. 

[0101] The hollow steel bar of this invention has good bore dimensional accuracy, and printing has not produced it at all so 
that clearly from Tables 2-5. Furthermore, it is clear the hollow steel bar's of this invention to have the mechanical engine 
performance equivalent to the non-temper hollow steel bar punched by machining which used a conventional temper 
hollow steel bar and the conventional this invention steel. Moreover, the hollow steel bar of this invention is as [ rolling ], 
and since it is hollow, it is extremely excellent in the viewpoint of a process abbreviation. If rapid short-time heating is 
carried out with energization heating, surface decarbopization is shallow, and it understands ferrite being also particle size 
and that effectiveness is also large since it becomes small. 
[0102] 
[Table 1] 
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[0107] 

[Effect of the Invention] As explained above, the high intensity and the quantity toughness non-temper hollow rolling steel 
bar by this invention Piercing is performed to the solid steel bar which has the size near a current final product by cutting. 
Subsequently, temper processing is performed or it has reinforcement and toughness equivalent to the long hollow steel 
bar which punches by cutting after temper processing and is used for it as an object for the materials of various machine 
structural parts, and moreover, since bore dimensional accuracy is good, it can use as a machine structural part It is 
possible to use also for components for machine tools, such as components for automobiles, such as a rack bar with which 
a severe property is demanded also in a machine structural part, an input shaft, a rocker arm shaft, and a piston pin. or a 
ball screw, of course. This high 'intensity and quantity toughness non-temper hollow rolling steel bar can be manufactured 
by low cost comparatively easily by this invention approach. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the process of the manufacture approach of the hollow steel bar concerning 
this invention approach. 

[Drawing 2] It is the mimetic diagram showing the rolling condition in a skew rolling machine. 

[Drawing 3] It is process drawing of the approach of manufacturing a hollow steel bar by the conventional pass roll train. 
[Drawing 4] It is process drawing of the manufacture approach of the seamless steel tubes by the conventional assel mill 
rolling. 

[Drawing 5] It is the sectional view showing typically the situation of rolling by the hump of assel mill rolling. 

[Drawing 6] It is the sectional view of the rack bar which punched the conventional temper steel bar by machining, and 

was manufactured. 

[Drawing 7] It is the sectional view of the rack bar manufactured considering the non-temper seamless steel tubes 

manufactured by the usual approach as a material. 

[Drawing 8] It is drawing showing the input shaft of an automobile. 

[Description of Notations] 

11: Heating furnace 

13: Mandrel 

14: Skew rolling roll 
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7?rWft^£0&WfaBft6-f. COtdblvfa 
v F8tt£M8WKH< (tit, g?lB#©X5X 
J:50-;P©iiO»^ t71f"C©Wfcfcf©3P?l 

[0 02 3] 3 0l©*j* (JWT> fE*tt«3 4l»5) 
B. «WBS5 9-4 9 0 5<»^««:PBm3ti"C( ( >*3Srt* 

$C44<. B«ir*tt±W!S4iJ:OWWKj6D 
r. JKftTteiOffMlft/s (^2#ji) tfMRtta 

3«*fcB4'ffl©3->BO-jl't*-r4«ttE««K: 
«koT, *2W*©#84rt»**i;TB»tfffifcf±± 

t/*ww«t»s»t#©iia*a-c**. 

[0024] JJitfcJ: 9K V tt*«ffi3©#&BrtlII 

ft©iB^*>*«rSW. 6 4 Bfc4 f «Klft*hS 
WJ»**»SC4B*Jttr*S. L*»U 

MMXRtffil>&l**6<ct*. ES*(c*2«©rtffiB 
gftK^r* S©rrtffijgtRB*£5£K:& or*©-* 

83ta#&{tf 6 C 4 6*>CC & o fc. T fcto%fB* 

©We*ffi4 0rB«6&>K«ftfcfe©-CB*S*i. KrJ- 
)HlflEt»rs*ffiW«©iaUc»LTB ! irt*LfcjiL» 
fc&©'CBtttr>©'C&&. 

[0 02 5] 4oB©£& («T. tt*8IK4£l.>9) 

b. i$ga¥4- 13500 4#&«KBB*sn-ci,»a* 

ffit*oT, e©rtBD«IWX*4U-cy5y*fflt>. 3 
ffl©n-jl/*fc*S«aE^tc<fcor**©*g£* 
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Or Btt-fttKithtf *«BjSS©«aEB*ffi-C* 

s. 

[002 6] b*>U *«M#6©»fffl«C^IIS{Cj:-5 
r. t©rt®8$tPU tr77?£ffit,>fcif£BE$i 
«c&3fa£7"7^BJS8|5fclR5E3fa3/c«{>. ESaii^ 
:^ytcjfc|ffl$HfiW££#{c&fti,fc4 or fcE&#«: 

aNMtKMKdnrLfCo. #tcfiR©/jNajw*st* 

©fflfflctei>rB^yK«w#tai;-CL*5C4«« 
flWOte. S6oT, Hm«ttfiR©*S»tt©Hji*ft 

10 4LrBfi£*affi4©^fc®Lrt>*4Bt-*&(,><fe 
©r&S. 

[0 02 7] K<C, ±gBL/cfi£*ajBl~4Ttt. •?•© 

MMA03ir©aiiitfftMiniiK fa fc«ttB©ini*-c* 

4C4*J*<. *©fc&®Mtifi^ D D D 4l-r<s!?/B?£i£ 
KWa44S*ffi««*W3»4*-»-C. «MI£©{5T 
1HS«!tK©ftTt(->->fcHH4^rV>*t©'Cfc* 

[0028] 

1/ J: 9 4 r 4MB] *9Sm. ±E©*« 
20 KftMtJWttOT. aHWT«!©*V>, JW2 
0~7 0mm. *3*i2~6mHire. Eog^&fifg 

**r*/jwrtju*©*»a • mmmn<p£EM 

♦WBSOf* ©»»3W6 S C 4 ^ISgi4-r 6. 

[0029] 

[SSgiSJSfcTSfcfe©^®] *£W*B. 5fc-f<SS4E 
jS»*ffli>r^ffl»rt*aE«l«ilt«fil*«:. 
^K«arsc4©TS435rffi«cos**, &&&g 
fate, *©8*. ESEft© W/^gj ttt, /d, 
• #0. 2 5~0. 4r*£<fcV.cJSl*/hg©*2«M*© 
30 <B*4ffi^fcl,>TTE®^©©*0&*f&S(clofc. 

[0030] siKii«t5ftx$tt(c«»-r«ABome 

»±-*-*fc»«CB« *t*4l/t rrtW/Jfftj it#0. 

1 «±©*S*f*fflV»4Bfa«ft6ft«r>. 

[003 1 ] ©-tttfllflEB WET* (R t ) /?fg 
aiS^(Rd) jifcKtKffO. Rt/Rdtfc*so. 5 5 

[0032] &*&ifift®mm0i»&ch or b. 

®«S«Xm4 U©v> K WU*/MI4J* 0 . nil 
40 #ffi*r*4ttafc». Rt/Rd*50. 5 5*?S4& 
4 J: *> K. M^tfPX^ ib^^J^ 2 < 0 *B h tf 6 ft 

[003 3] ®^«<i:0r. rp»jJi/^Sj tb*J0. 1 
«±©1J ■m . E-^Mfe R t / R d Jt# 0.55 

*i§©*ffr.. rt®«|iJi^4 orv> Ku^fc^nr 

«»»Ee*ff5 4. K7fffifl!R©t|iS«il*»»€»faS. 
COfteKtt. *©«©HiEIgB^»-C*a. 
[003 4] fCtWC flB*EB«*ffll>-C«3i0ft: 
/JvSSW *2gEE3S»«K*f U r MRt « fa %EiS© * 

so *r> (ie**^^©«!An«Kb*ratttLrs««« 



7 

mmxtom. t. w& tmt * *«>©< tzm tm® 
£utcEMg&mbx®sm7?ic. *®m. tie 
©-©©som^c. 

[0 03 5] ®C, Si, Mn, Cr, Vfc<fctfN£<i:< 
[003 6] ®±.tZ<D{t¥®l$.ZGt SfRttCEMQ 

[0037] <7>mE.imv<»E.mms.wm'm% io 

[0 03 8] ®ffim<DHm*V *v ■< Y ><-vA Y 
t ts. U R-oy * 7 ©& B 1.tiK£S§iB.IiSCCfig L 

[0 03 9] ±ieft!B(c8-5< Tie ( 1 ) (c 

T^o/cs^e • xiitt^nitiSSttttMs^ ( 2 > . 

(3 > (CtjsUcK&B ■ flmH^MTOSEEStMl©* 

[0 04 0] ( 1 ) £g%-C\ C : 0. 2 0-0. 6 0 
%, Si : 0. 0 5-1. 50%, Mn : 0. 3-0- 20 
2. 00%, Cr:0. 0 2-1. 00%, V:0. 0 
1-0. 30%. N:0. 005-0. 0 2 0%. C 
u : 0. 2 0%OT. N i : 1. 0%«T. Mo : 0. 
20%JWT. Nb : 0. 40%WT. A 1.: 0. 05% 
feTF. Pb : 0. 3 5%WT. Bi : 0. 2 0%OT. 
S : 0. 1 0%feTF, Te : 0. 2 0%WTRy : Ca : 
0. 0 1«felT***U «WttFeRtf?RIiBW* 
®.fflfi7*v-< Y ■ *-yJYXL1J> 

x v a y ©guttus* j i s &g## 6-12 

-C*"5. R-O tftm/9\&l tk* 5 0. '2 5-0. 4 0<D 30 

[004 1 ] ( 2 ) ttfifePJhe ( 1 ) (CEfltOtfiMttS 
fc«ft$i*4, 9 5 0-1 250 'C©figigK:il]»itL.fc 

tevryxmibx mm/K&i Jt#o. u&t©* 

8B*S*t«:lf A 0 . -5 ©'•« X 7 -Y >/U 0 K Eg $ ttT 3 1 
©o-;u*SSfiam«cBROft:(W4fflli«*ffli>T. 7 0 
0-9 5 O-CCDiSSli-C^SaiS^ (Rd) #0. 2« 

±, rrtwET*/^aiia*j < r t /r d > a? 

0. 5 5&ffi<D&&mXi:famti\XZtiailX t BEBfftD 40 
frtW/rtSj tbt, /d t #0. 2 5-0. 4 0. fl 

KOlSJMftfltWJ 1 StSSS¥6-l 2£ttT*«flt • 

[004 2] ( 3 ) 8g&#UJ! ( 1 ) «ci5*B©E&Ii© 
rrtW/?HEj tb t , /d , # 0 . 1 «±©it»21** 9 
5 0-1 250 XJOOJIflWjKJiPiiUfca. AIMUMXJl 

>ii 9 KB** X 3 <I©a ~*£qMMtcBRl<;M8*l 
EStSfcffl^T. 7 0 0-9 5 0'COmetS-CRdT' 50 
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0. ZIH±, Rt/Rdtkt?0. 5 5*ji©ffiSJDIi 
ftllflniSrJMT. EfiEft© r^/f/?fSj tbt, /d 
, #0. 2 5-0. 4 0, l"3|S57i v-i V • •'"» — 
v-i YXbfrt>mi7 F©£IU&g#J I Sfcg 
§#6-12 ift-TiSSiig • XfE.tt#NK<t>£ES#M 

[0043] ±IB© ( 1 ) - ( 3 ) ©«MHc-3l»T. 
*©fPffl«»tit«:«T-ClfO<Bi?l1-%. fete. US 
#&WB© r%j (j rag%j iSttf*. 

[0 044] (A) ft^«fiS 
C : Ctt3tttfcJ:Cftttt*3aE-raM*S*r**. 
f?ril©&3*f# 4(Ctt. 0. 2 0%fcLh§WT£C£# 

v-< YftmoMm&mco, nnt©«{fc**fc-rc£± 

ft*. ft^T, C©^WS£0. 20-0. 60%ib 

fc. 

[ 0 0 4 5 ] S i : S i tt«©ISK©^bSCflSS© 
l°Lt£iaSftU8#aS. L-*>U *©£*»#<>. 0 5 

%^mxitmmommifi'^tir, 1.5 0%%®** 

tS5tt©<ST i SrJS< <*: 5K«c*©"C, S i ©£«£ 
0. 0 5-1. 5 0%iUc. 
[0 04 6] Mn : MnttS^4ii&«>SflEffl£*rrS. 
*©£*r*#0. 3 0%*»-C»Bfa©J!(l**J 

f#6nr, 2. oo««ra**i«Anit*fiafK*< 

-C, Mn©£^a£0. 3 0-2. 0 0%iUc. 
[ 0 0 4 7 ] C r : C r BMn iPJtSK^SSrSSto&ft 
ffl*5$)S. -e©^WS*!0. 0 2%*»rttBFf 

a©«Mi*j»i&tii5tt». 1. oo%%e^.rsw 

0 2-1. 00%iL/£:. 

[0 048] V : \it*-Z?-+<< Y 

YmmmixyxvjYzmtth. ttcmm 
<mmtzimbx^tm£zfijt2itzmzii? 
s. i/^L. -€-©#*a*io. 0 i%*ii-ctt?$ft]^f: 
k:^L/<. 0. 3o%*ffi^-c^wsitrfc®s 

/c», V©^M££0. 0 1-0. 30%itrc. 
[0 049] N : m*V t? x? J Y<Pxm<t®*>$i& 

»*stiMkrsfiPffl*»*s. -e©^wa*io. 
00 5%*ii-c«^a©^**iff^n-r, 0. 02%% 

«* S 1 9 T Wl©fcT 4 fcfc & r J: 9 k & s ©T . 
N©^S40. 0 0 5-0. 0 2%ttfc. 

(o 050] cu : cu«aano&<rfea(,>. ^Jn-r 
«ttRow«tto^±«:»4-j-*. com 
zmmicmzic »» c u t * 0 . 01 %fcit©swa 1 1 

SC4*J»*l/l>. L,*>b. 0. 2 0%=£ 
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mx. z> t mmmx&ifi&T u ss&s * h #±#t * t* 

#>94ft£. fif^T. Cu£*«©±li4 0. 20%4 
[0 05 1 ] Ni : N i tt8iOL&< rtRl>. WJQT 

4. C <OJSb*«r5SS^tC f# tC W , NittO. 0 5%«_k 

1. OKififcii^-ft-f hSS*P*C*<&-a-CW 

ft*. . 10 

[0 0 5 2] fi£-?T. Ni£WB©±ffi*l. 0%il 

[0 0 5 3] Mo : MofJiSttILft< T4>S^. SWtJ-r 

5. C©8l*&Si!Stef?4tCtt. MottO. 0 3%J£Lb 

©£*«4rsc&jWff* u>. l,#>u ,-?-©£?ra# 

, 0. 2 0XSrai*i^^^^ HE!»*^Da<ft-3t 
Wtt*a»«:3Wt3*. h*J±»-j"Stf#»ij 4ft 

Z>. ft^T. MoSWS©±SS*0, 2 0%4Uc. 
[0 0 5 4] Nb : N b ttj$JDLft< T tJSJjPf 20 

^SWWfSCCtt, NbttO. 0 0 5%Ji(±©^rB4 

-rsci*iw*u». ua>u -e©3?ia#o. 4 0% 

Sttfr'9£&&. ft-o-C. NbgWS©±Pl*0. 4 0 
[ 0 0 5 5 ] A 1 : A 1 tt8SHLft< T ^ttlT 
*«ft*»ttKbriffffl*J**. C5UfcS&*6M*lc 30 

i#sictt > Aitto. oo 5%«±©£wa4-r*c4 

Wlbli. -£©^fg#0. 0 5%£&*-5 

iJWSWfcWWDr * C 4 «:JB Artttt***{b-J- S J: 5 
(Cft£©-C. Al©^Wfi%0. 05%OT4Uc„ 
[0 0 5 6] Pb : PbttgSJniUft<rfcSl>. ^ftJ-T 

©WKHfcWJiTS. C©*ft*£flEfttC{»*tct;l:. Pb 
BO. 0 2JflJlb©£*air$C£iWff*U». I*' 
U *©£«a#0. 3 5%*ig*S4S!©?if»gjWg 
TO. EfcWttWSTTaJ:5fc&*. se-5-t. Pb£ 40 
Wg©±H£0. 3 5%iU. 
[0 05 7] B i : B i 4>r$flDl-ft< TfcHl>. 8Sft]f 

n« p b m&mmiMtttxMtvRiicmi'tmz 

ifctt. BittO. 0 2XJ3U:©#Mtt*-*C£rtJff 
$L/C\ L/*»0. -e©^Wfi*S0. 2 0%£fi*.-2>£8 
©fiWMWMSTU JEtcWtttftTf5J:9lcftS. f£ 
•jt. B i£W«©±l®£0. 2 0%4Uc. 
[0 05 8] S : S»8S»IUft<"C4IH,>. ^flatt" 
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WT*. C®gftjR£ttittCfl&«:tt. SttO. 0 2%« 
±©^fB4-rSC4#»£U>. LfrU *©^wa 
#0. 1 0%£ig;t£4iS©?il#g#<gTb. Etclfltt 
6®Tf SJ:5«:ft&©T?. S©£Wfi£0. 1 0%W 
T4 b/c. 

[0 05 9] Te : T e fcjJSJJDUft < -Cfcftt*. 8SJJDt 
fttfMn 4ft^»*»fiSOrW©«9Jtt*rt±3ttiff 
ffi£#T&. C©S»*€:SglHc»S(Ctt. TettO. 0 
0 l%fei±©£Wa4-r*C4#(if*U>. W>>U * 
©£*«#<>. 2 0%£&*S4$H©»#g#®TU 
MfcSM^ffiTf S<fc3«:ftS„ fi£ot\ Te£Wa©. 
±GB*0. 2 0%4L;fc. 

[0 06 0] Ca : C a fcffiflQL ft <T aSttT 

m*mt?>. cvn&zmmt'tnzi'Cte. c.a«o. ,o 

00 3%y_b©gWB4-r-5c4#*?su>. u*>u 

*©£*a#0 . 0 1 5 4gJ©f*ftg#teT 

U M«c«fl14kffiT-fS<J:5K:ftS©-C. CaOMI 
40. 0 l%yT4Uc. 
[006 1 ] (B) ffli^ 

±ta©<b^fflis*WT*^T*r>Ti. mmsmmci: 
p-?frf>-t-< ht<<^tcmm r{gastt£i£8ij *»& 

ft4fe©"Ctt, E£©**?M#ra©mfiftttft («£* 
©?SS4?j9tt) #f#6ftftl>. SfoT. fTM©^«tWtt 

»*W4--rs/ca>{c«aisi: i/T©9ggtos^^a<!: 
ftorpx 7"tft»)*ii^©ew*>?)34ifti/TO 

9 ©*£IEIfi# ! &S i ft 0 . C ©^T? 4> 3 X h ±»tc o 

ft*'*. IW1IB7I7-/ h • h 

6~i 2vi,tnm^^^omxiimmmtmm<D 

1 stM##"CB*ii©»£«cttStt-Wtt><?:/*** 
«<ft*3«1t©ftT*^Di. 7*9^HS»tt 

aw j 1 sttss-^r 1 2 mx z>t§£i<muv®®E. 
@tftwn«ft6r> c©/c»«««ttmca*tt«£ 

0 s c 4 K ft 1 ©rw $ L < ft t, > . 

[006 2] (C) EES 

(c - 1 ) m®m. 

±te (a) ©ib*iifiJi4*"r*Aiiw-*fcttWPi»tt 
77-c^?L»i-r?.^©jni^iag. RDWBfMeaja* 

irr *R t /R dJt*50 . 1 «±©*23R#*t««E3SE 

•ri>mi©»jagtt. v**-zt+-< \-$^%ftK.m 

^§-tt*fc«)«:9 5 0 , Ct(±41-*^g*sS)-S. -73. 

1 2 5 0x;*ie*s»n&-ctt. *-xft-fhtt© 

0 < . ES&tt&ifl U fc S * ©#W«K»Ctt 
Bfa©«l«£«W«Jttll*#*C£#-Ctft«,». 8£o 



u 

t, *m*wto^xitm&mm<Dm&ig,z 950-12 
bo-cicm^ti. tut. mnm&^itmmmiizo) 
&&im^m «t 0 mmzogmm z 5 mm 1 1 n 

[006 3] mKmiommt, jsm-cojattinuc 

<fc r> T^TLS fcfc&K-fi&ips WcifT*-7 Tift 

(0 06 4) (C-2) fftfESfig 
v> FUJU£ifAb;fdS£4EJ*£. 9 5 O'C^S^-Sia 

«WH3W%»SC4*T*«:l». 7 0 0-C^rTlaI 

<N©ji?5#®tf>TA# < JSC 5 £ £ fcK. IMlCJIfttt* 

ttS^ S£n>T, v>Ku;l/«:#Al//c«*4Eiil©ffl 
g*7 0 0~9 5 0'Ci-T^.o 
[0 06 5] (C-3) 3ffl©«*fEga-*(cJ:S* 
MES 

2«©IM4ESn- < rt/-CESS:tf 5 £ . E&'tyc&ffi® 

->a-tcct9t©?wcstt^4-r*„ ee-^-c. 2a- 

;HtME£#5£*JBl>S©«W* 0 < fct>. 
[0 06 6] ®®K.Wn-frZ4®t l C?ht, ft 
js±#p-j!i/©S^/h5< u&wfttf&fc-r. -E-©7c# 
A * ftfiW*»*»*»S 'h®/¥ f*Mff©Ei£ K «^g©*-C 
a3ftC». »EfflM*©ttffifc«£l6£Sti*C&#& 
<, /JvSWrt»l*t©EJS«:j:5Kfl«K:Wil.%n5©«: 
3 p-^^S;©«MEii©^-C* ofc. Stot, *^ 
■Ctt3 0-^(c|8!£1-5. 

[0 06 7] (C-4) rtffi$SHJIA£LT©-7>KU 

KKfLhlfS/cfcSC/SEOEiitc^b^-rt^^* 

ffi#-7> F u;KcS8t-rs*T©ratt@*{c^'r**> 
?>. H&iifcrcrtffiB. 3a-;UCj:i3^^W7^ 
KftS^-HSMWi. ^^-C. *SW©l*I®*iv> F 

ujMcSftSrrsi, v>Ku^rrtffi©sc»t*s»isn 

SOT. rtS4W^»a{Cf±±lf5C£*s-C#S. £ 
fc. E^ttv>FUJl-«EJffi£|nJ{c&»"rs©-C. E 
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H»-C*aW£ FU*©fflfittirB»fU»II£ 

[ 0 0 6 8 ] 4*. rtffi«Wl**^> F UiKCffiSr 
5©tt. gJKJB^/cJ: 5tC 75 ^©i§£{c«rt®£tti* 
5-4 < SR* ^j@©ES»HS«cc i fc J: *. 

[0069] ( C - 5 ) «U4EfiW©4>SX»© r«W 
/mi (t. /d. ) tfc 

A&4E&©£#£0T©*2#©t, /d, Jt#0. 1 
*»©«*Ktt. EB*fc*2tt©Kl»J5ft»ttKSe 
id J&tSiPrfll rft5g9^*j Stot. «&E 

IB»©«2JRtt© t , / d . it©THS 0 . 1 KH5e? 

ttfe. £&U1tE3Zt*hica±1&t. /d, tttt 
0. 12Ja±4-T6©*W*W>. 
[0 07 0] tCZX, ±iet 0 /d. Jt#**tr>«£* 

©»£«:». JJBt. /d.JfcttO. 3K(T£-fSC£ 

20 [0 07 1 ] (C-6> &®EMlcJ:Zm&m& (R 
d) 

«HEgKJ:SRd*iO. 2 *«©»£. ft&ET«# 
/b3 l,>fc*Bifa©HMia<bIl^±©«M«Mtt!t%#* 
Ct«S1^. fie-or, mUBRd©!^©. 2£T 

s. 

[0 07 2] Rd4ii*{C-rS£|^tett©»b*£r 
^©■r.- iiBRdCiKS^O. 6gg[tC«I^SC£*i» 

[0 07 3] (C-7) fMSJEHKJ:* rrtJfEHF*/ 
30 ?f®SS*J (Rt/Rd> it 

<!WEfiKJ:*Rt/Rdtt*IRJ£Tac£tt. v> F 
UA*fflt>fcifrtffi»ttES*3(3BrSfc«)lcfi»r* 
5. ^JIET^R t ^A* < t *> £, tm©wa»v© 
KSSjWA *'<&•> Tj-ffiffig*s^{b-r S . ^SffiKttW/i 
ET$R t £?fSSIS^Rd©tb (R t/Rdlt) (eft 
ffU Rt/RdJt*S0. 5 5feUKC4S£^J«ffig*i 

r. WfBRt/RdtbfcO. 5 5*^^$f]"rS. 
L/l»Rt/Rdlt«0. 5 0OT-C*€.„ 
40 [0 0 7 4] it^T, ifieRt/RdJ:b*i/]N?-rif* 

R t /R d tb3&Jfi©fflt?^ ©t6*tfi*iA^ t>»*«Ctt. 
ffiMESm©ii^A*< ttoTBfa© r^J»/^Sj 

(t, /d, ) vamhtiMttz. c©fcio, Rt/ 
Rdtt©TiR*-.i. om&ttictmtu\ 

[0 07 5] 4*1. T9-feJU5^{CR^$nST>FU 

;u*ffli>6«MBSUcHr*fii*©«Brrtt. *$«© 
IBtor^-C. aig©-»+>i^5;l/4£*-Cffia*tf 

50 nXm. fiioT. fi£*©-7> FU;U5JU%fflOfc<«*4 
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e&tb, Rt/Rdittai. ozmz.hmttz^x\,> 

»*«WC I » *»H©»* 4 T 5 . Sd° d rfffi 4 L-C 
r^/^fSj (t, /d, )tb#0. 2 5~0. 4 
0 . 2 0-70 mm©<J: 5 tohSJIAttiircH& 
■C«> KUJU©&#M^M^<&-2>. Se-o-C. 

mrie btc^mmmmmmcte^-c . ±hm$k: r 

feRt/RdtbBO. 5 5*ijS£-f&!&g#&*. 
[0 07 6] JJB©R t/Rdfcb*0. 5 5 jftfStC&IW 

ttfcOU^MCttO. *©JR*f4LTttJ I SfftMXJl . 
IB© S K D 8- 1 * 7*T£#Hffi(C{$-rS C 4 * s t-t 
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